INTRODUCTION
The kidney plays important roles in the excretion of various drugs, toxins, and endogenous metabolites. The excretion process consists of three steps: glomerular filtration, tubular secretion, and reabsorption. Transporters expressed in renal tubular epithelial cells are mainly involved in the tubular secretion and reabsorption (Pritchard and Miller, 1996; Inui and Okuda, 1998; Wright and Dantzler, 2004) . The organic anion transporter (OAT) family (OAT1-OAT4), which is predominantly expressed in the kidney (Russel et al., 2002; Sekine et al., 2006) , mediates the transport of many anionic compounds; such as β-lactam antibiotics, nonsteroidal anti-inflammatory drugs, antiviral drugs, and antitumor drug, and regulates their excretion (Inui et al., 2000; Burckhardt BC and Burckhardt G, 2003; Sweet, 2005) .
We previously found that the mRNA level of OAT3 was higher than that of any other member of the organic ion transporter (SLC22A) family in the human kidney, and OAT3 was localized to the basolateral membranes of proximal tubules (Motohashi et al., 2002) . OAT3 possessed greater activity to transport cephalosporin antibiotics including cefazolin than OAT1 in vitro experiment (Ueo This article has not been copyedited and formatted. The final version may differ from this version. (Sakurai et al., 2004; Sakurai et al., 2005) .
The OAT3 mRNA level is assumed to be mainly under the control of transcriptional regulation. However, little is known about the functional characteristics of the promoter region of OAT3. Based on this background, we cloned the human OAT3 promoter region and examined its promoter activity using opossum kidney (OK) cells. This is the first report to identify the cis element and trans factors for the regulation of the human OAT family in the kidney.
This article has not been copyedited and formatted. The final version may differ from this version. products were subcloned into the pGEM-T Easy Vector (Promega, Madison, WI) and sequenced using a multicapillary DNA sequencer RISA384 system (Shimadzu, Kyoto, Japan).
Cloning of the 5'-regulatory region of the OAT3 gene. Based on the human genomic sequence (accession number NT_033903), the 2488-bp flanking region upstream of the transcription start site was cloned by PCR using the primers listed in Table 1 and human genomic DNA (Promega). The PCR product was isolated by electrophoresis and subcloned into the firefly luciferase reporter vector, pGL3-Basic (Promega), at NheI and XhoI sites. This full-length reporter plasmid is hereafter referred to as -2488/+21.
Preparation of deletion reporter constructs.
The -1862/+21 construct was generated by digestion of the -2488/+21 construct with SacI, and the 5'-deleted constructs (-926/+21, -214/+21) were generated by digestion of the -2488/+21 construct with MluI and either SpeI or ApaI. The ends were blunted with T4 DNA polymerase (Takara Bio, Otsu, Japan) and then self-ligated. The -77/+21 This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on as DOI: 10.1124 at ASPET Journals on April 3, 2017 jpet.aspetjournals.org Downloaded from JPET #108233 10 and -11/+21 constructs were generated by PCR with primers containing an NheI site and XhoI site (Table 1) . The site-directed mutations in the putative CCAAT box and CRE were introduced into the -214/+21 construct with a QuikChange II site-directed mutagenesis kit (Stratagene, La Jolla, CA) with the primers listed in Table 1 . The nucleotide sequences of these deleted or mutated constructs were verified.
Cell culture, transfection, and luciferase assay. OK cells were cultured in medium 199 (Invitrogen Corp., Carlsbad, CA) containing 10 % fetal bovine serum (Invitrogen Corp.) without antibiotics, in an atmosphere of 5% CO 2 -95% air at 37 ˚C, and subcultured every 7 days using 0.02% EDTA and 0.05% trypsin.
OK cells were plated into 24-well plates (4 x 10 6 cells/well) and transfected the following day with the reporter constructs and 25 ng of the Renilla reniformis vector, pRL-TK (Promega), using Lipofectamine 2000 (Invitrogen Corp.) according to the manufacturer's recommendation. The firefly and Renilla activities were determined 48 h after the transfection using a dual luciferase assay kit (Promega) and a LB940 luminometer (Berthold, Bad Wildbad, Germany).
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RESULTS

Determination of the transcription start site of OAT3.
Sequencing of the longest RACE product showed that the terminal position of OAT3 cDNA was located 126 nucleotides above the start codon, which was 10 bp downstream of the 5'-end of OAT3 cDNA registered in the NCBI database (accession number NM_004254). Therefore, the 5'-end of OAT3 cDNA was numbered with +1 as the transcription start site in this study.
Determination of minimal OAT3 promoter.
To determine the minimal region required for basal activity of the promoter, a series of deletion constructs were transfected into OK cells and luciferase activity was measured (Fig. 1A ).
OK cells were used in the luciferase assay because they have an organic anion transport system (Hori et al., 1993) , and the transcription factors and/or co-factors required for the expression exist intrinsically in these cells. The longest reporter constructs (-2488/+21) showed an approximately 14-fold increase in luciferase activity as compared to pGL3-Basic in OK cells, but had little promoter activity in HEK 293 cells, which lack an organic anion transport system (Fig. 1B) . The This analysis revealed that there are one putative CCAAT box and one perfectly conserved cAMP responsive element (CRE) in this region, suggesting that these sites contribute to the transcriptional regulation of OAT3.
Mutagenesis of CCAAT box and CRE.
To determine whether these sites were important for the promoter activity of OAT3, mutations at these sites (designated as mCCAAT and mCRE, respectively) were introduced in the -214/+21 construct and transfected into OK cells. As shown in Fig. 3, mCCAAT and mCRE reduced the luciferase activity to two-third and one-third of the wild-type level, respectively. These results suggest that the CCAAT box and and 7), suggesting that transcription factors bind to the probe (-101/-75). Next, we prepared three oligonucleotides, mutCCAAT lacking a CCAAT box, mutCRE lacking a CRE, and double mut lacking both elements in order to determine which sites the protein recognized. mutCCAAT impaired the formation of the complex, however, mutCRE and double mut did not (Fig. 4A , lanes 4-6), suggesting that the proteins which bind to the probe (-101/-75) recognize CRE, but not the
It has been demonstrated that various transcription factors bind to CRE (Hai T and Hartman MG, 2001) . Figure 4B shows results of supershift assays using antibodies against transcription factors that bind to CRE. Antibodies against activating transcription factor (ATF)-1 and CRE-binding protein (CREB)-1 were able to supershift the DNA-protein complex (Fig. 4B, lanes 3 and 7) . In contrast, antibodies against ATF-2, ATF-3, CREB-2 (ATF-4), c-Jun, and C/EBPδ did not result in a supershift (Fig. 4B , lanes 4-6 and 8-10). These results indicate that the transcription factor, which binds to CRE, consists entirely of a homodimer or heterodimer comprised of ATF-1 and/or CREB-1. 
DISCUSSION
In the present study, we performed a functional promoter assay of human OAT3, and found that CRE is responsible for the basal and inducible promoter activity of OAT3, and that CREB-1 and ATF-1 bind to CRE. CREB-1 was first described as a transcription factor mediating induction by extracellular signals activating adenylate cyclase and protein kinase A (PKA) (Gonzalez and Montminy, 1989) . Thereafter, it was demonstrated that this transcription factor is responsible for the constitutive transcriptional regulation without stimuli (Quinn, 1993) . ATF-1 is capable of dimerizing with CREB-1 (Hurst et al., 1991) , but cannot stimulate gene expression unless it is combined with PKA (Rehfuss et al., 1991) . It is, therefore, suggested that CREB-1 is involved in the constitutive expression of OAT3. This is the first paper to identify the cis element and trans factor for the regulation of the human OAT family in the kidney. (Fig. 7) . This is the first report to identify the cis element for the regulation of the OAT family that is predominantly expressed in the kidney. It is possible that the regulation and modulation of CREB-1 affect OAT3 mRNA levels. To elucidate the interindividual variation in OAT3 mRNA expression, these factors should be taken into consideration.
